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Introduction
Nowadays, food products are manufactured and distributed worldwide, while deficiencies in 18 regulation increases the concern for consumer's health. Heavy metals, pesticides, 19 pharmaceuticals, personal care products and biogenic amines have been detected in different 20 food matrices worldwide. A so called -chemical contamination-include multi-residues, may 21 enter the food chain from different routes. Some sources linked with chemical contamination 22 potentially include the application of pesticides in the field, veterinary medicines in animals, 23 natural toxins and residues formed during the food processing or intentional contamination, 24 such as food adulteration or contamination from sources which have not yet been identified. 25 Amino acids are the main compounds which offer nutrition value, aroma and flavor in 26 products such as cheese, wine, honey and other fermented foodstuffs after microbial or 27 enzymatic conversion [1] . Therefore, the bacterial decarboxylation of amino acids or 28 transamination of aldehydes and ketones leads to formation of active biogenic amines (BAs) 29 [2, 3] . BAs are nitrogenous organic bases of low molecular weight, polar or semi-polar 30 compounds with aliphatic (putrescine, cadaverine, spermine and spermidine), aromatic 31 (tyramine, phenylethylamine) or heterocyclic (histamine, pyrrolidine) structure. 32 33 are not destroyed during cooking, treatment with high temperature, storage and are stable and 23 difficult to degrade [23] . 24 The determination of biogenic amines is laborious and challenging due in part to the 25 physicochemical properties of these compounds. Numerous analytical methods have been 26 developed while few of them can overcome the step of the derivatization process easily. A 27 pre-concentration step is generally needed, when the analysts deal with complex matrices.
28
During the last decade, new articles have developed extractions which can be more 29 environmental friendly, with the use of less toxic, organic solvents combined with sensitive 30 and selective analytical instrumentation using mass spectrometer and tandem mass 31 spectrometer detectors [5, 24, 25] . 32 The aim of this review is to summarize the concentration of biogenic amines in different food 33 and beverage products from 2010 until today, to highlight which matrices have not been 34 analyzed and also, which matrices are the most popular and should continue to be monitored 1 for their toxicity. Regarding the physicochemical characteristics of BAs, an overview of the 2 analytical methodologies, cleanup and pre-concentration techniques, a comparison between 3 the derivatization agents and environmental assessment of the analytical methodologies have 4 been made, so we can underline the development of more green, environmental friendly 5 extraction procedures. Finally, the regulation policy and the toxicity of BA's have been 6 discussed. The study concludes with a focus on the main issues that should be further 7 investigated. 14 Generally, BAs are sources of nitrogen and precursors for the synthesis of many specific 15 compounds in organisms such as alkaloids, hormones, nucleic acids, and proteins. Moreover, 16 they are also responsible for several processes in the organism such as the regulation of body 17 temperature, intake of nutrition, increase/decrease of blood pressure [26] . In plants, 18 putrescine, spermidine and spermine are implicated in a numerous of physiological processes, 19 such as cell division, fruit development, flowering, response to stress and senescence. 20 Generally, polyamines are important for processes of every organ in the body including 21 growth, renovation, metabolism and are essential for maintaining the high metabolic activity 22 of the normal functioning and immunological system of gut [26] . 23 It has been shown that BAs are potential precursors for the formation of carcinogenic N- 24 nitroso compounds. The reaction of primary amines and nitrosating-agents produces short- 25 lived alkylating species, which can react with other components present in the food matrix to 26 generate products for example alcohols, devoid of toxic activity in the relevant contents [26] . 1 The secondary amines such as agmatine, spermine, spermidine and others can react with 2 nitrile and, in sum, generate the nitrosamines, while tertiary amines produce a range of labile 3 N-nitroso products [27] . In foods contain high level of fat (e.g. bacon), in the presence of 4 water and at high temperature, the carcinogen N-nitrosopyrrolidine can be formed from 5 putrescine or spermidine. Moreover, several of BA including putrescine, spermidine and 6 cadaverine, can act as free radical scavengers, while tyramine has a remarkable antioxidative 7 activity, which increases with its content. Thus, inhibiting effect depends on amino and 8 hydroxy groups. Another function of BAs is impact on flavour and taste of food [26, 28] . 9 Theoretically, all foods that contain free amino acids or protein and are exposed to conditions 10 enabling microbial or biochemical activity, BA presence can be expected [28] . BAs generally 11 occur in fermented products such as cheese (5-4500 mg/kg), wine (5-50 mg/dm 3 ), beer (2.8-
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12
13 mg/dm 3 ), sauerkraut (110-300 mg/kg), but they can be present in food that is not properly 13 stored, for example fish (2400-5000 mg/kg), beef liver (340 mg/kg), prepared meats (10-700 14 mg/kg) [4, 29] . In fact, BAs are found as indicators and markers of food decomposition of 15 non-fermented foods [1, 26] . Spoiled foods are also rich in BA and usually contain high levels 16 of putrescine and cadaverine [1, 26] .
17
It is worth to notice, that amine content and profiles may vary depending on several extrinsic 18 and intrinsic factors during the manufacturing process, such as the ripening conditions, 19 formulation, physico-chemical and proteolytic parameters, as well as microflora development 20 and its decarboxylase activity. In fact, every country has its own traditions of food, which 21 differ in both the microbial characteristics, the way of production and processing methods. In 22 addition, each country is characterized by a specific climate, which also affects the presence 23 of biogenic amine in the substrate, for example, beverages. These differences, can be 24 observed in the following section of this review [30, 31] . 
Biogenic amines in seafood and its products
27
Since the maximum levels for histamine are legally established for seafood and its products, most research is related to these products. Seafood is a specific type of food which may 29 harbor several biological, chemical, and physical hazards, the most common of which are 30 biotoxins, pathogenic bacteria and viruses, metal inclusion and biogenic amines [32] .
31
It is proven that both specific as well as non-specific microbial contaminants originating from 32 the natural environment or being acquired during processing impact on the microbiological 33 complexity of seafood [32] . is caught in polluted waters, Enterobacteriaceae [33] .
18
The important biogenic amines in seafood are tyramine, histamine, putrescine, tryptamine,
19
and cadaverine. These are formed from their respective free amino acids tyrosine, histidine,
20
ornithine, tryptophan, and lysine. Spermidine and spermine are produced from putrescine 21 [34] . Thus, the concentration of free amino acids especially histidine is important since 22 histidine is the precursor in the biosynthesis of histamine. Glutamic acid together with lysine, 23 arginine, leucine, aspartic acid, isoleucine, glycine, alanine, threonine and valine represented 24 77.6 % of total amino acids in naturally fermented fish [34] .
25
Histamine levels in freshly caught fish are generally low, usually below 0.1mg/100g [32] .
26
However, exposure of certain fish to elevated temperatures after the catch and before
27
consumption can cause formation of histamine from histidine by bacterial histidine 28 decarboxylases and thus, the level of histamine can increase.
29
Some technological processes such as salting, ripening, fermentation or marination can 30 increase the possibility of BA formation. BAs can also be produced throughout the 31 manufacturing process, as well as during storage of the end product if improper holding 32 temperatures are employed [32] .
33
In studies conducted in fish and fish products, the presence of BAs has been also reported. sauce from Malaysia detecting tryptamine, putrescine and tyramine up to 57.9 mg/L, followed 
Biogenic amines in meat 15
Meat and meat products are an important component of the diet in developed countries. This
16
type of food has repeatedly been reported to contain biogenic amines [16] . The most prevalent
17
BAs in these products are putrescine, tyramine, cadaverine, and also histamine. The only
18
amines present at significant levels in fresh meat are spermidine and spermine. Some amines
19
such as tyramine, putrescine and cadaverine can be formed during storage of meat [36] . It is 20 reported that tyramine concentrations in stored beef was highest on the meat surface, 21 however, it can be reduced effectively by washing [37] . Generally, fermented meat products 
Biogenic amines in dairy products
21
Dairy products are important components in the human diet. Their current consumption is 22 relatively high and is expected to increase steadily during the next few decades [40] . Thus, the 23 provision of wholesome and safe dairy products to consumers is expected to be more 24 challenging with the anticipated increased consumption, as the risk increases with the 25 exposure to hazards, such as biogenic amines (BAs), potentially present in the product [40] .
26
Together with wine, dairy products can accumulate high levels of BAs. Biogenic amines 27 continue to raise concern due to their frequent detection at high levels in various types of 28 dairy products and to increased awareness of their actual or potential adverse health effects 29 [40] . Also, the fact that BAs are produced not only by microbial dairy contaminants of complicates their control by conventional means.
33
In the raw material (milk) polyamines are the most abundant; however, also in the final 1 product such amines as cadaverine, histamine, putrescine, tyramine, β-phenylethylamine and 2 tryptamine are all detected. The content of BAs in different types of cheese is different.
3
Moreover, these differences can also appear within the same type of cheese and even between 4 different sections of the same cheese.
5
As was previously mentioned, the occurrence and amount of BAs in food depends on many is produced by brain tissue and is rapidly metabolized by monoamine oxidase-β and aldehyde
21
dehydrogenase to phenylacetic acid, the major metabolite of this compound in the brain.
22
When consumed at high levels, effect such as blushing, headaches and increase blood 
27
Coffee is one of the most common beverages and composed of carbohydrates, fiber, proteins,
28
free amino acids, lipids, minerals, organic acids, chlorogenic acid, trigonelline and caffeine.
29
Three different extraction techniques, decoction, infusion and pressure methods were used for 30 coffee brewing. Many factors influence the process of brewing, such as ground roast coffee 31 composition, grid, brewing method, coffee/water ratio, water hardness and temperature, 32 duration of the coffee-water contact, and filter material [48] . Putrescine appeared to be the 33 most dominant BAs in coffee beans and in coffee beverage followed by spermidine, spermine, 1 and serotonin, while cadaverine and tyramine are generally present in smaller amounts. could be the quantity of raw soybean product used, the fermentation processes or other 8 technological processes, the proteolytic activity from bacteria [53] or other microorganism 9 contaminants with potential activity [54] .
10
In sufu the most dominant BAs were putrescine (316.9 mg/kg) and tyramine 446.6 mg/kg) Tea is a widespread product worldwide and is available and consumed regularly in large 6 amounts. The leaves and buds of Camellia sinesis mixed with water constitute the tea extract.
7
Different varieties, quantities, qualities of the plant and processes applied in every country. drying. After these processes, the enzymes which are responsible for oxidation and 12 degradation released and form polyphenols and the color compounds. 
27
The toxicological effects of many of these compounds has been reported for many reasons 28 including the effect they can have on human health.
29
Many of these amines in the presence of nitrites can be potential carcinogens when converted 30 to nitrosamines [66] , but nitrosamines formed from the polyamines only become a health risk 31 as toxicity is reached after consumption of large amounts, and more than expected in a daily 1 meal.
2
In general, there is little research on the toxicology of BA's, but that which exists is 3 predominately on histamine. Consuming large amounts of histamine (greater than 500 ppm) 4 can lead to poisoning which may manifest as an allergen reaction with symptoms including 5 breathing, itching, rash, vomiting, fever, and hypertension. An intake of 5-10 mg of 6 histamine may be considered as having some effect to some sensitive people while 10 mg is 7 generally considered as tolerable limit, 100 mg can induce a medium toxicity and 1000 mg is 8 highly toxic [25] . In fact histamine and tyramine are considered most toxic and particularly histamine is regulated by law in some type of food product (fish food).
7
The European Food Safety Authority confirmed histamine and tyramine as the most toxic and 8 particularly relevant for food safety [69] . Taking into account the data from food intoxication does not mention the amine maximum level allowed in products of animal origin [67] . Engraulidae, Coryfenidae, Pomatomidae and Clupeidae families [69] . In USA, the Food and
20
Drug Administra-tion, established a maximum limit of 5 mg histamine/ 100 g product at the There are no established standards for cadaverine, putrescine or other BAs, only some for β-phenylethylamine has been reported as toxic dose in food. of BA does not always signal good microbiological quality [16] .Therefore, there is no simple 20 way to establish a biogenic amine index that reliably predicts quality for products of this kind. 
Presence of biogenic amines as an indicator of food products quality
Analytical challenges and strategies of biogenic amines determination
23
Due to the fact that two reasons for importance of BAs determination in food exist which are 24 potential toxicity and possibility of using them as food quality markers, the development of 25 analytical methodologies for laboratory examining of BAs content is of high importance.
26
Undoubtedly, BAs identification remains one of the greatest challenges in food analysis.
27
From the analytical point of view, bioactive amine detection in food is not simple due to generally based on amine extraction and derivation followed by separation and quantification.
5
The extraction of amines represents the critical step of the process and it affects negatively the 6 analytical recoveries, while derivatization also is not desirable process because it is additional 
Liquid Chromatography
13
The most commonly popular technique for the determination of BAs in food products is the
14
HPLC with Reversed-Phase separation, using C18 columns, however, other solutions are 15 proposed. (SPME) [75] or dispersive liquid-liquid microextraction (DLLME) [24, 59] peroxide, have been reported [77] .AO-sensors can base on platinum sreen-printed electrodes 
21
An interesting idea of application of polymer layers with different changes in absorption due 22 to interaction with aromatic, aliphatic, and polyamines was reported [79] . Several colorimetric 23 methods using test spots are also known and many times applied for routine analysis of food 24 samples [80] . These can be semiquantitatively evaluated by visual readout of the originated 25 color in comparison to a reference color scale [76] . Colorimetric sensor arrays consisting 26 either of several amine sensitive dyes [81] or organic liquid crystals [82] also have been 27 applied for the determination of volatile amines in food and beverage samples.
28
Nowadays, an amperometric sensors are also many often used for BAs determination mainly fabrication, had been shown as a method for mass production of biosensors at low cost [77] .
6
In 2010, a new chromogenic and fluorogenic dry chemistry sensing spots based on filter paper 7 containing an amine-reactive chromogenic probe and fluorescein as a green fluorescent (but 8 amine insensitive) reference dye incorporated in a hydrogel matrix was presented [76] . These In this section several analytical procedures used for biogenic amines determination in wine [24, 87, 86, 98] and fish samples [75, 85, 91, 99] by application of different type of methods (GC, LC and CE), that are mentioned in this paper are assessed in respect to the green character. To evaluate these selected protocols, Analytical Eco-Scale was used.
Considering the penalty points (PPs) calculated for each procedure used for wine analysis ( Without a doubt, this Analytical Eco-Scale is a good semi-quantitative tool for laboratory practice and educational purposes. It is simple and fast to use, has well-defined criteria of evaluation and can be applied to any known and new methodologies. 
Conclusions
To protect the health of consumers, there is a requirement for more stringent regulations and more diligent monitoring of foods by regulators, vendors and producers. New green analytical extraction procedures are needed for monitoring of BAs in the food matrices and should be fast, inexpensive and easily adopted within analytical laboratories worldwide.
Considering the quality control as well as research requirements, a more precise identification of analytes is needed, hence the requirement for sensitive methods to detect slight changes in BAs profile.
The quantitation of BAs can be highly problematic due to several factors. Biogenic amines are small, polar compounds and these issues can make the separation challenging when using reverse phase chromatography. Thus, the assortment of chromatographic column is very important as some specific reverse phase columns can separate selected classes of BAs, and moreover, can add additional cost to whole analysis because are more expensive. Due to the fact that biogenic amines have highly similar structures to the compounds in the same subgroup as well similar chemical and physical properties to other compounds presented in food samples. This brings problem in providing effective separation by isocratic chromatography which is required for certain quantitative methods and is problematic when quantitating a number of different BAs simultaneously.
Additional problem in quantitation of biogenic amines is that they occur at very low concentration level (sub-ng/mL range), what means that a highly sensitive method is needed to accurately quantitate the analytes. This issue is even more problematic when working with low volume of the samples which means the absolute quantities of BAs in the total sample are low. Moreover, the method usually require time consuming and expensive sample preparation before analysis in order to achieve the high level of sensitivity required to quantitate the low concentration in food samples.
The food matrix in which BAs are commonly examined is often complex. Even aqueous matrixes such as wine, beer, dairy fermented products are problematic because usually contain interfering compounds such as polyphenols, lipids, proteins (depending on the sample). Hence, the sample preparation and extraction of these compounds is time consuming. It also means that these compounds need efficient separation and retention away from interfering compounds which can cause further problems with detection. Moreover, many of BAs do not strong absorbance when using UV detection, thus, derivatization step is required when using gas chromatography as a means of separation.
Due to increased sensitivity and the specific structural information that MS or MS/MS detectors can provide, they are the most adequate detection technique for low concentrations of metabolites. However, matrix effects remains one of the main problematic issues when quantifying BAs in food samples which are composed of complex matrices. Therefore, the sample preparation step has been commonly used to minimize these matrix interferences.
Isotopically labeled internal standards are also used to minimize the matrix effect, allowing the quantification of ultratrace quantities.
Reducing the time of analysis, being able to use a lower concentration of derivatizing agent and increasing sensitivity are the current challenges facing the BA research community. Thus, in the context of future regulations of BA in fermented products, fast and robust methods of analysis will be required.
Following previous considerations it should be helpful to actively promote the production of functional beverages and foods, having a modified balance between amines and polyphenols, using different agricultural management practices and processing methods.
In order to assess human exposure and the risk associated with biogenic amines, there is a strong need to carry out comprehensive food surveys and related studies, such as gastrointestinal uptake studies, which are urgently required for a better understanding of the contribution of food pathway to consumer exposure to BAs.
